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o IRT M20044E FF 1R X Fh & R B B IR T AL - E P CICs hit il & 7
WAMD - Intel ~ SparcHlIPowerPc& /AR & FRERSE G 1718 T HmHue 7 i
Btk HmEEEEMEEZENLRE. INEEREERERTE T
HEJILTENLZEERE, HEMNNIZBEAS —RXFHLREFSEILE,
FEEEEE T BRR AR, X—ROZLRIET « c++inERASE
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%o MFEME L EARY, XA UUR E RS0 KM FPAE T I L 2%
gc, T H 2R R AN L8 (Rl > 15 -

R =545 K, Herb Sutter IS W52 T HIE . BAZHLAS I
FEOLBIEER, MERHLASA AR IEARE T AMTERRKM S
ERZAZIRTEMEI 75 - B HRR N T IREITRIERE, ARELLCPURL
RIEBERIEE - GoogleAH f)MapReducelE gt & 72 % & Hi@HLES, FIH
BREGUH A, REBEFHUTHIERE,  MiStanfordFPhoenix 2 iX—HEA
LI REIBERTT S -

1.2 BIT5#H1THE
FEREAMITER, B —He2BTitire . BARFEIRS TS, 7
BAHEIRANLER B, BBEREMIFIRRGE R, XIE4S R — 5 —5HUTH -

TR AN T REEF AT . £— 1 HITHREF
B, —E A HE AT IR R JLER SRS EATRT I Z AT - B E 08
82 AIEAFFICPU LR 2T - :XECPUR] LIfFE T H EMles ]
IFAET Z ablas b, Bl hE i E B R L [EEE -

AT AME R LIHIT S, AT DU SRR I A SR AR b A
KEFEE LR . HIRE —HOSEM YL, REsEE T —4H
ATEPICPU, F BARDRHE LS R SCHEMGE T (B DA BL T 511
H AL

1.3 FAITEAREE

B HATIRF IS — D& X WA 55 m] DARI B, a3 BRELss o s
A] LLFIRT A0 « BB X 2 AN AT RERY, EbiiFibonacci PREL:

1, k=0
F,={1, k=1

Froa+ Fro, k22

BERRECER SE £ — R AU ER R, RATRESFFTILR), BN
TG R EE RIS £ —ME -

A= PMEEAENIS, SRR IE KESEH — SR EE 20 - 10
%ﬁ%ﬂuﬁ%&ﬁﬁﬁ¢%%ﬁ,%ﬁm%ﬂu&%ﬁﬁﬁﬁﬁﬁﬁ%
T -

ELIn— R AEH BT TA] LUEE 8 pl— L2 R MER T 20 -
SRR DR TT R AL AR — ), NEERBUTRE, mEA b
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FHHL THHA2 TH4AS ...
1: HEH TR HATIE
ESZ BIAFERE, HMFRBEAHRE— P EERHITHENEST - TH

s A TR X — [l R B fimaster /worker 527
master:

o WIAILEH, RNy fiworker B MECRI £ 7 %
o FFO I T EUH A 1% R worker
o A& Mworker B 45 R
worker:
o UK Hmaster A T4H
o MFETHUH
o FHEER R 1B master

R
A1 25 Pmaster/worker BORHIBI 7, W HRAHIE. H— P EEH—
PNEFEFNE—ITE . IEFEHERANA = (2r)? = 4% ERIHEHA
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K 2: THExE

HNA, =7mr?e PTLL:

A
ﬂ-:?”_27
As
XA5:47‘2:>T2:Z7
A, 4A,
m = —— =
AR

FATHBOX MRS O IR R FATTA] DU a0 N iR B A S A R 1T
1L

1. FEIETT TN BENL A R — 2

2. WTRIXE S AR RTE A K

3 o ERREEHIH
- P = T RAREAn R

4. m=4p
MTEATTAT LU N T AR P SE 4T

NUMPOINTS = 100000; // &k, #GTLl
n = workerﬂ"]iﬁa;
numPerWorker = NUMPOINTS / n;

worker:
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countCircle = 0; // B worker#VE —1it4izs
/! B worker VG HUAT LA MR -
for (i = 0; i < numPerWorker; i++) {
PN TEIE T TE R BB LES
xcoord = H— M BENLEL
ycoord = 5 MFEHLEL
5 (xcoord, ycoord)ZERTEH

countCircle++;

master:

B PworkerfE R countCircle (E;
118 pi = 4.0 * countCircle / NUMPOINTS;

XA 2 ISR B R B SRr (TS5 -

2 MapReduceZE A& JFH /4

FE ERIEER, GoogleIFLZ M LEALHM T AT AT THR
MEMTTE, FROCERENRGEIE - LRI - WebiE K HE%
%o N TITESMEBIRERIE, IEHERS], Web U AR
BIFRR, BNEV LTI TTHEEMRE, BREFREERZTE
&, F%. BEXEMTEEMS LIRSS . R, WARNEIER
BR, #EEETEWSMEM T LT rotles LA g8 7E vl LIS BB E] P
SERL . EREHATINE, o &%dE, WEERR, PrE X e s S i,
HREARRE TR, HANERENE IR BEIX A @, AR S
W AMELVEHE o« AERAXHX DN ERERIEN, Google/A F] HJeffery Deani%
TR, RN REPITIOE BEITE, MR 1T - &
B BUE AT . REIIEITEAREATNRE—1NER, ALROE
file RG] R BOR B LispFF £ H A K E0E F Bmapflreduce )
JRIGRIR - B LR 2T EHE S XERERIE: RN AZIEZH
10K BN Amap#lE, KiTHE H— " [Elkey/valueXf 8, 7EFTE BHM
[Fkey Hvalue b N FAreduce & E, Rid Y& HIREREGE . IREBEA
A, HeEEH P8 E M mapfreducet® B, 1EIATAT LLEH & 5 B2 H0
KIEFHAT T E, R A E BV ERWIRALE ] LR 5 SC I -
XA TAE R 3= B 51 k2 i o 18 BE O B O R SEE B s AT I AT R H
WAOMIGTE, 46X M EOSEiAE KEEERPCL bl m st
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B,

THEF FH — 1% Akey/valueXf 8, oK 7= 4 — > Hi Hikey /valueXf £ -
MapReduceZ ) FH 7 B P BRI 2R 83X M1 B mapflireduce. - H
TE M HImapbR L, X — DMRIAXT, RIETAE—1 F Alkey /valuekf £ -
MapReduceZE1EFTH BB M [F # [Hkey IFH [ElvalueR & FE—L, REIHE
EA11%Z 28 Breduceli %L - FH P H & X Wreducerk £8, # % — 1> F [Alkey
IFIFE R B — Pvaluedk - B A HiX Hvalue, JEA— LB/ Fvaluef -
— M, !ﬁ/Areducelﬂ)Eﬁ 1P A 0801 Hvalue o It — kLB E H
B valued& (it 25 F ' B %€ M Hreduce BRI £ o 32X AT DUAE FATTHR I8 T8 77 R 42
il valued| ZR IR/ o

2.1 ITHE BN WordCount

FRXANFR: TEAE-DRPOEE S HENA LIRS . HPRS
UINES P DIIAER

map (String key, String value):

//key: CHE%F

//value: CFYHINZ

for each word w in value:
EmitIntermediate(w, "1");

reduce(String key, Iterator values):
//key: — 1H]
//values: — iTEFIFE
int result=0;
for each v in values:
result+=ParseInt (v);
Emit (AsString(resut));

map R £ A2 B A 1R A X S 1R A IR (X A TR B 5 B
FE1) - reducebd BT A4 B9 — D45 E BRI BIT RO E —#E - Ak,
FA P FH B A\ S HE DA A 48 2 AR AT B9 75 2 BORE 58— mapreduce i
5. HPRE A MapReducerR %y, HCHTLX RL1B4ETE - HFAH
RIS FIMapReduce ZEEE L E—HEL
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2.2 RAH

BN BT AR B B T A7 B AR Aterm g =, HEME LA
5 BmapFireduce PREUH FKEL AT

map(kl, v1) ->1list(k2, v2)
reduce(k2, list(v2)) ->list(v2)

Bk A Bkey, valuefl&iH Fkey, valueBJIAIE - Bbob, HlAlkey, valuefll
B Hikey, valuesfJIAEE - FATHICH+LIE S FF B R HE XL
Eﬁ’i@ﬁﬁﬁ HICEEA AP, SREFRT B AE S AR AT

2.3 H'ELH

X B —iE NBSLGER PR BT, 7 LA S 1 FAMapReduceit & ok %
T e

AR IGrep(UNIX TEREST, A[HCCHRNBIFAFEERK): MR
ANATUCELZE € BIRES, map BREUS S HHX —1T - reduce bR HURE 2 12 A1 14K
TS HIE I H

THEURLIG AR mapREitHweb TUANE KAV, HiH(URL, 1)-
reducerl A [FJURLA value®B AN #E K, 7 42—~ (URL, 23k EE)H
% o

BIEE MBI mapRECHE M EE R H (B, )%, — 1 URLMY
B, & X NURLM DA MY MR - reducerk 2R I8 45 € B94E % H
PRURLsiE#Z T FIRURLSIE AL — 1013, oA (HR, THF115R)XT -

BrEIBARERE: —MREREH G, PR EA H
IAE— R — 1 SO B SR E BN — 17 . map BN EE— 1IN
AN (ENL, RIEME)D(FEPL4 R ECAIURL) - reducekd
BIRWE E FVRE EIARIERZ . EEXEAEREINTE—E, &
FMEIARIE, R — N ERER(FENL, RERE)X -

BIHER S mapR B ITEAN S, REFAE D0, SN BT
F o reduce M EIE X — M A E W PTEXT, HEFF AN P SCIDs, B
A—A~(A, SCEEIDFIR)NS o BE A H XTSI A — B S BB HER 5 -
BT DATE R ER B A B T

SAARHEF: map REUNE MEFETE i key, FH4E—" (key, record)¥f
reduce PR EC S AR ART AN
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split 0

output

Split 1 file 0

split 2 | ) rea

output

split 3 file 1

split 4

3: Googlef\IMapReduceftif 777 =

3 MapReduce=H

3.1 Googlef)MapReduceLI,
3.1.1 PATHH

Mapifl A8 i 1 3 A B3R B 30 7 # M A M2 £ G hles £, BAW
RS EARI LS DT - Reduce i F & 1 531 bR #1501
[Elkey, MMEARA (F140, hash(key) mod R), EfTHESH 2 AE|IZ G
#r Lo EECERME KA P ORTEE -

EI3E7R T Google L I FIMapReduce i ERI 2R - 2 P AIREF
FiMapReduce R £S5, K & 4 T — RS SHE(H HAIECFFIEI3H /Y
BT VREAEXT ) -

1. fEH PR B BMapReduce & 5B 0 A SERM AN R, B4 E
RN 16EI64MB (FH 7 AT LUdE S Al RIS HORER]) - SRIETEDL
TP R EE NIRRT -

2. X BERE 8 DL A 19— 1 Emaster, H A {5 FHmaster s AL AE 55
Hworker - HM T mapfE: g5 FIR 1 reducetE: 55 ¥ #% 43 Fit - masters)Fir
— P mapEgSEireducetE554— 12 A Bworker o
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. — B T maptE: 55 Wworker SE UM 5% By Asplit B A 2 - B M H
N A 511 Hikey /valueXt, 985 HBkey /valueXt £ 45 F 7 B &€ L
FImappR%L -  FHmap K £ 4 1) (Al key /value XS B8 & 2 AE N A -

- RAFAENAT F Wikey /valueXT §F IR VS AR E I, #id 5
FIREEEEN G AR K FEARMBLE b AN BB # 1% E

“Bmaster, master 1 5 EIX LN B & 1548 reduce worker o

. H—"reduce worker 5 Ellmaster AL B E I 5,  © i A2 TR
YH R Mmap worker TG 7% FIENR F RIEE - ZMreduce workerist
BT rEmHREEEE, EEdHT R A keyINAEREE—
. B ATFZAE B key BRET 248 [ FireducetE 55, B LLHET & 70
Bl RAFEEIRLANFELKR, IRAETE—INBHET -

. reduce workeriECHED P a0 A AIEHE, X TE 28— ME—
Blkey, 'EiEkeyFIHH K [E]valuetl £ 245 F F H & X Hreduce
o reduce bR EU H H B I 25X Mreduce sy 1 B B¢ 44 B Fay HE SO
.

. B ITE Mmapfireduce B HSHRTEAL T, masterMifig H FREfF - 7EiX
BHEE, 22 PR B iMapReduce Vi B E1 2] H P ALY .

FERIY SE M Z )5, mapreducef AT A% A HUAER A i HH ST A (B —

PreducetEF-E—THAFPRELFH M) . —K, AFRPAFESH
X RN HH SO AL — 4 SO At A48 5 HEX e S S R — g AR 3B 25 HoAh
FIMapReduce I, 50376 7] LIASFR L2~ 43 B ST AR 43 A =0 A 43 F A

3.1.2 Master IR

masterPR Ff — EEIR LG - ©RNE— Pmapireducett: 55 17 i © AITHIIR
DA, TAIEF, 58, Fworkertl 28 (FE = WAL S HIHL28) AU bR A -
master FLIE— NEE, BT, A SO X AL E MmaptE: 55 1% 5
Fllreduceftss . W, X FENDZEMAImaptEss, masterfFfiE FHmapftss
FEAERIR A ] SO X R NFIALE o HmapfESS5E Rz, L%
AR/ TG B - X B R P N & s e AR e IR 7E TAE
Areduceft5s
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3.1.3 4

Kl A MapReduce R %1 AR A A AL B b T BONL28 - 35 B A 4 R AR
FUEE, BT LOXA T RER I O AL ER ML 2 AR -

worker it &

master J&HERping®E~worker » - A1 Fmaster?E — M K€ RN [B] Bz 1% H
W EworkeriX B FI{E B, A4 B RHEIX MNworker bRt B R RK - HEE—
M HIX N KRR B worker 58 AL B map 55 9% B #1115 B AU E W1 IR S IRPIR A,
FIt LUE AT LR 22 HELR EoAth B worker « - [RIFERY, B — 1TERIWAT worker I
IE7E 21T PmapBireducett:55, W# EHXEMTS KR, H HRFwEH
WE . E—TRBEVLE L C2 T FmaptE SR B XIIT, BRAER
HMHTFHEECMEE L, BRLUARTIIER . 225 reducefE 55K A&
HIX#IT, BAEMEEFEEESRXHERSEYF - Y— TmaplEHE L
Heworker AT Z G, NHEBHAT T (R AAKZT), HEHPUTXME
BB R T U Treduce 55 Bworker o AT 1481 E MAIEEHE FreducefE:
55 % Mworker BIZHUEUHE - MapReduce™] LLAb B K #l i worker 25 W 1 1F
Oo BN, ZE—TMapReduce/ERAIE], TEIEAEIZITHINLEE AT M4%
He3P 51 S0 B WLESAE LA BN AT 1H1R] T, MapReduce master 2 & i &
IR AT E 28 A T 5 R Piworker SERC I TAE,  AREEHUAT, SATERGX
MMapReducefE -

master &

Al DUIR A 5 # ibmaster B HA ML 5 A EH A EIBE SR E S - W
X P masterf B SR T, ATUN EREE— "M RESHFIRBES A —
P masteriH B o« IR, KN H — 1 master, BT LT B SRR B R AT
B EEEEATIERSEIE, W R master M, 5+ 1EMapReducelt 5 -
Z PR DIRSEX MRS, B ] URIE R E E T MapReduce 8 (E -
FESE R H AT AL B H

2 PR B mapFlireduce®g /E X & B H (72 1 € B R, FRATTHY
SAFSEI A TR FEE S IR T AT — 8, MEREH -
FATRA S mapFireducetE: 55 B % tH #4177 F AR FEAGX MER - &
N TAEFRESIEE B H S 2R EIRE SCHEF o —Preduceft 557 4
— MRXEERI SR, T — P maptES5 7 AR X AR B A (— Preduce tE: 55 4
N—3E) o — P mapft 55 FE IR %, worker & £ —1ME B 45 mas-
ter, 7EIXMHEF A EXRMIEE CHERL T - (R master A— B4
SER A Imap RS IR E| — N ZERITE R, TR A IMER . &,
B Emaster AR G4 BAiC R XRD LHFRISAF o 2 — Preducett: 55 58
FCHIES 5, 31X M reduce worker [ PRI BN 4 B2 i 44 B A 246 7Y i H L
o IR E Freduce £ S L MMles EHUT, £ F v 24 R L
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1, FPE MR SO . AR AHEZ U R ®Er R &
A BAERIRUE, &AP U RGUR S DU E & — PreducetE 55 7 4 /Y
R - FA T mapFreducet(E RKER > H 2B € 1, FH HIEATAILEL
HEM T — DIFRPHITRX AN EL, FRRETF A LIRS 5 R
FEFHIAT R - HmapBEireducetf/E & AN E BURS 5, TR AT 13 (B IR H iR
SH{HESHEGHEYLE . SE—DIEWEREMNIIN, — Treducett:
FSRIPEHEN T — W E F R HIT AR - R/, — AR
freducett: 55 R280Hi tH VA7 & — AN R B HER 8 A2 7 0T 7 A= i) B
o % EmapTSMAlreducefT45R1, R2AVEN - FAT& Ee(Ri) N EE
PATWIRIFIBUT (B BAUE — 1 XEERHUT) » XA HRERSSIE CH L, (K
Fe(RN)MFCEEE T HMBIHIT = E N, Me(R2)WiF CEBE T
FHM AN [T 7= A2 ) -

3.1.4 FHFHEALE

AT AR R, MBHREE— ISR T JATH AT
T NEURE (HHGFSE H) AV Las AR MG L FORERAFMLRTT B - GFSIE
B S5 B6AMBHR —LE5R | SR 5 BRI L8 DU B 7R AN R B L 88
F(—E3 N HEDL) - MapReducefmaster™ R A I ERFE, HH
BHE—DE SR AREE LA EZHE— T mapttss - WXL
W7, BB RS W AZE BT 2 HE— P maptE S5 (Flan, B
B — AL S B A BIESAE— D switch B fworker L 25 L HUAT) - HiZfTE
K MapReducetf#/ELE—MLEFH B — &R HLEs _EAUIHE, R 553 A 5L
TEAEA T I, I TTANTHFE M 28 T2 -

3.1.5 AESSHIE

WA R e
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S EEFARALE, FATH S mapb it BERMA, reducefTBER R - MFIRM

34 Hworker VL8 FIEUE RITFZE - B workerHUTIF 2 AR B TA/ERIE ® )
DMEIM, WA LUIE K — P worker R FIKE , X & HLas LB
% 022 58 B BImap Tt 55 7] LA 4 BL 21 B A HoAl iworkerbLgs £ o 7EFAT]
HISEELE , MARETEEEE R/NRSIE, F Hmasterdh MO (M+R)IX
WE, HFAERFOMR)MIREENFT - (MHEEMEHBANFZRD
1), FEOM*R) MRS R B, RAE P maptt: 5 /reducett: 55 5 1 FH — 1>
FUREAE) - A, REFEHEH PR, B & — Preducett: % &4
R — N MOSL B B OO . SERR B, FRAT B m Tk M, DAER—
B A 55 R MEEB 2 163)64MB  F ¥ A B8 (DU o #0819 67 B 4k
A MN), TATEREE BRI ATA B H Bworker L 85 %4 & 1) /) &
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o AL HAEM=200000, R=5000, fFF20004 workerfLEsHIIHIL T,
HiTMapReducelt & -

3.1.6 HHMES

— MK JEE R IEKMapReduce B ER A AR R 2 —:  — M Hles BT — 17
5 1 RO B 1B] R SE A S B — emapEireduce E S HHI—1 . BIRZE
JRRAIRE &GS - B, — N ERHE RN T £ 47 DI IEREE
B, DXFERLE MR RE N3OMB/SFEIREISMB /s VB AE AGHIFCE%
HEEAM A ESEX I L, BHTIFEEMFHCPU . NFE - RHEEA -

WM& TmRIRE, 5T HAITMapReduceCHBIR1E o ol 15 m 18 2 i [n] 3
=, ENLES VIR R I Bugs | RE AL PRES SR AT RN £ — B HmpILes
EERTESEREE EERERE . BATE — R BN N R
AR . 2 —PMapReduce2 1 ERF Z25E BT %, masterifil & 25 2R
HUATABLELTH R PR EEHITEMESS - T A FOREIE 2 & B AT R T,

TAEHHAMCETER - FANTEEWE T X MLE, EFE A 5HZIL1E
gj\i FINLES BT - FAT & X AT DR & Hb R D 5E A K E AR MapReduce#:/E
AIESHTE]

3.2 ApachefJHadoop¥iH

3.3 StanfordJPhoenix & %4;

Phoenix[12] 42 75 3t 2 N 77 1946 R 4514 _F FIMapReduceSE I - & 1) H #p A&
fEEZ%E L, FREFHTEE&R, mHEERRF AL R OHLIE
M. BHELHAEH RERAREENEFA, WMEREX L.
Phoenix I — 4 X #2 Fe B T & 2 TF R Tl B APTRI — 1> i S A B AT I 2
A e GEATRF ARGUCHERE AL - WIREHEMEIREE, CrKIE g
SLAEP-threadZ FHY, IR AT LR 7 A AE S T L N 7 e %
Fo

3.3.1 Phoenix API

H Bl ) Phoenixhy B FHE 7 51 SLBLAE (E T M CFICH+HIEE H (APT) - K12
FIAPTH Rt 245 JavaB C#4, X T T EStanford R2ZIEAESEINAH - APIELTE
T IER S pRELEE - BRI SRS T IR M/ IR AR P B E
SCRELIFRET . R EX SR 2 K, P BSE T A phoenix_scheduler() B
B FTRERD R RLER), BRI LALEH P RS T I R R AR

13
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JobTracker ‘

RN

(TaskTracker ‘ TaskTracker TaskTracker ‘

-

\/Task\\ ‘/Task\\ ‘ Task ‘ ‘ Task ‘ ‘ Task\‘

JobSubmissionProtocol - - - - -
InterTrackerProtocol -+ ------ >
TaskUmbilicalProtocol g

R

K 4: hadoopiHt izt

W FATRAES 35T WFEEX 4> - FESplitter ~ Map ~ PartionflReduce bR
B AR AR — SRS B AR AR, R BIIX IE 2 2 [A] 38 (5 -

3.3.2  EARBAEME iR

K57 7~ T Phoenixiza {7 B EARRRE - TR & HAESSEHI A, M
WENEHAPRBYGEMLr. AESMRRERIMERNTEGZ
fTMapfiReduceft: 55 4EHE . EWMEHHARES ZHERFRHZMWIX .
& A il i scheduler_args?E 4 /4 SR W1 46 10 I 5 25 75 22 B9 B B £ PR A0 pR £0FE
to WREEE, AESRNAT AR ERGHEIES N . BES%
B FRESE S — SFworker R e, MapflReducetE: 552 B 49 BE 45 M 4%
FERHIT -

T BBIMapIATT, I E 232 FSplitterd® I P By AN &I 59y — £ K/
FHERIEETC . MapfEgs i TR A FIX L FTT . !rIﬁMapﬁ:jv/\TﬂﬁﬁSphtter
X, ZJ&, SplitteriX EIMap{ES5 R Z R FIEGE - MaplE55 2 oh S 5B
FllworkerZZ 2 L1, B PMES ST E P (key, value) Xf - Partition ik £§
SR A AN 93 B Reduce B S5 T AR BB TC « b BRI AT DARA PR AE Rl key B BT
HvalueHf 2 2| [ —HICHE . f%éﬁﬁm:qj valuesg e key R fi Bl i 4 HE
JFHY . B, MapIATi&EmR - AES TR EFIEMaplESHUTREE, A4
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